Energetics and specificity of Rat DNA polymerase beta interactions with template-primer and gapped DNA substrates.
Interactions between rat polymerase beta (pol beta) and the template-primer, as well as gapped DNAs, were studied using the quantitative fluorescence titration technique. Stoichiometries of rat pol beta complexes with DNA substrates are much higher than stoichiometries predicted by the structures of co-crystals. The data can be understood in the context of the two single-stranded (ss)DNA-binding modes of the enzyme, the (pol beta)(16) and (pol beta)(5) binding modes, which differ by the number of nucleotides occluded by the protein. The 8-kDa domain of the enzyme engages the double-stranded (ds)DNA downstream from the primer, while the 31-kDa domain has similar affinity for the ss-ds DNA junction and the dsDNA. The affinity of rat pol beta for the gapped DNA is not affected by the size of the gap. The results indicate a plausible model for recognition of the gapped DNA by rat pol beta. The enzyme binds the ss-ds DNA junction of the gap using the 31-kDa domain. This binding induces an allosteric transition, resulting in the association of the 8-kDa domain with the dsDNA, leading to an amplification of the affinity for the gap. The 5' terminal phosphate, downstream from the primer, has little effect on the affinity, but affects the ssDNA conformation of the gap.